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ABSTRACT

This report presents the results of a study of gonadal development and spawn­
ing in the albacore, Genllo alalullga tBonnaterre). The study is based on exam­
ination of the reproductive organs, principally t,he ovaries from ltlbar.ore collected
in three general areas: the North Pacific, the Hawaiian Islands, and the central
equatorial Pacific.

The ovaries were r.lassified in three stages of relative maturity: ea~ly develop­
ing, late developing, and advanced, on the basis of the most advanced eggs pres­
ent. According to this classification, the early developing category included thc
thin ribbonlike ovaries from sexually immature fish as. well as ovaries from the
larger, adult fish which showed no signs of egg aevelopment beyond t,his particular
stage. The other two categories, on the ot,her hand, included only ovaries from
adult fish.

The North Pacific albacore were either juveniles or sexually dormant adults
with earl~' developing gonads. The Hawaiian ltlbacore showed varying degrees
of maturity from early developing to advanced, with the bulk of the ovaries in
the latr. developing stage. The ovaries from central equatorial Pacific fish were
in the early developing and late developing stages, with the early developing stage
predominating. .

Our data show that albacore taken north of Hawaii by research vessels of the
Pacific Oceanic Fishery Investigations, as well as albacore taken b~' the Jupanese
in the spring live-bait and ",int,er longline fisheries, and those in the American
west coast summer fishery are nonspawning fish, either juveniles or adult fish
whose gonads show no signs of incipient or past spawning. Albacore apparently
do not spawn in the temperate waters of the North Pacific. On the other hand,
it appeltrS that the albacore in the region of the Hawaiian Islands and in the
central equatorial Par.ific represent a segment of the population which, after att,ain­
ing a certain size in temperate waters of the North Pacific, moves south into
tropical and subtropical waters to reproduce.
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SEXUAL MATURITY AND SPAWNING OF ALBACORE IN THE
PACIFIC OCEAN

By Tamio Otsu and Richard N. Uchida, Fishery Research Biologists, Bureau of Commercial Fisheries

The albacore, Germo alal'un!Ja. (Bonnat,(\f're), is
a commercia.lly import,ant tuna, valued highly fOl'
its excellent canning qualities. In the Padfic t.)w
major fisheries for this species are conducted by
the Japanese in an area extending from t.he COltSt
of Japan to the vicinity of the International Date
Line, and by the Americans along the west coast
of the United States. Tag recoveries during
recent years have shown that albacore underta.ke
extensive migrations aeross the J:>acific (Ganssle
ami Clf:'l1H'ns 1.953, Blunt f954, Otsu and lichida
1959), thus suggesting t.)mt these majol' fisluwil'S
may 1.1I~ depl'ndent, on a single population.

Albacore are also widely distributed throughout
the tropical Pacific, but in this region they are
generally taken incidental t,o the catch of other
species of tuna. It is not known whether albacore
of the tropics belong to the same population as
those of temperate latitudes, or whether they form
part of another populntion. According to present,
knowledge, albacore do not, spawn in temperate
waters. Informat,ion on the areas of spawning
might provide a clue to the general distribution of
the populations that support the American and
Jnpanese albacore fisheries.

The researeh program of the Paeifie Oeeanie·
Fishery Investigations (POFI) of the Bureau of
Conullereial Fishel'ies has includt·d a study of gon­
adal development, and spawning in t.Iw ll,Jbacol'e,
which has lwen financed by the Saltonstall-Ken­
nedy Aet (Publie Law 466, 83rd Congress). The
present. report, on the albncorc is based on exnmina­
t,ion of t,he l'eproduetiv(' Ol'gans, prineipally t,he
ovaries. collected in three geneml areas: tho !\orth
Pacific, t,he Hawaiian Islands, and the eentral
equatorial Pacific. Important differences in gonad
development were not,ed for fish from these threl'­
ltreas. The size at, which albacore nttain sexual
maturity was detel'lllined, and what, appears to be
a major spll.wning locality can now be definCll.

NOTE.-Approvcd rOl' publication January 13. 1958. Fishery Bnlletin 148.

We gratefully acknowledge the contributions of.
the following persons: R. S. Shomurn and B.
Wyat.t who collected ovaries l1t the' Honolulu
am'tion market,s; the mll.nagements of the United
Fishing Agency, Ltd., and the Hl1waii Fishing Co.,
Lt,d., and the several fish dealers who permitted
us to snlllple the nlbaeorc landing'8; Shoji Ueyanagi
of the Nunkl1i R('gional Fisheries Rcsel1rch Labo­
rntor)' in Kochi, .Japan, who sent, us samples of
ovuries; anti H. S. H. Y·UeIl fOJ' vl1lunble suggpstions
pOl~t,ainin~ to snmplillg procedul'l\.

SOURCE OF MATERIALS

NORTH PACIFIC

A total of 126 gonads from both sexes was
collected bet,ween January 1955 and November
1956 in the North Pacific on POFl's exploratory
fishing cruises (table 1 and fig. 1). Most of the
sampled fish, ranging in length from 50 to 112 em.
(weight, 6 to 65 lbs.), were taken at the surface
by gill nets or trolling; t,he few albacore larger
than 87 em. were taken exclusively on longline

TABLE l.-'1'h!! nlUnba of albacore gonads obtained in the
three areas I in various !lears

North Pacific 1. Hawaii ICentral Equatorial
Pacific

Month 1955. I 1956

195J 1953 119561955 19511 1957
Male ~'e-I Mall' Fe-

male male
-----------------_. - - -
January _____ 4 5 0 0 0 O· 0 0 0 3
February____ 2 1 0 0 0 0 2 11 0 8
MarcIL_. ____ 0 0 1 1 0 0 1 3 ·0 0
Aprll ________ 0 0 0 4 0 0 0 0 0 0
May ____ .____ 0 0 0 1I 2 0 0 22 0 0
June____ .. ____ 0 0 1I 1I 18 2 0 0 0 0
July _________ 0 0 5 Ii 5 \I 0 0 !J 0
AUKusL _____ 4 9 10 12 5 1 0 1 1 0
September ___ 2 0 0 1 1 7 ·0 0 7 0
October______ Ii 5 3 3 1 1 1 0 0 0
November___ 0 I 0 24 18 0 4 6 0 0 0
December___ 0 0 0 1I 0 0 0 0 0 0

---- ----1----Tot.\I._____ 18 20 43 45 32 24 10 37 .8 11

I Fish or both sexes were sampled In the North 1'1ICifie but ouly Cemales In
the other two areas.
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FIGURE I.-Localities at which albacore gonadl5 were collected. The Hawaiian and central equatorial Pacific samples
consisted only of ovaries (stages of development shown); the North Pacific samples included testes and ovaries, all
of which were in the early devl'loping stage. (U=early developing, D=late developing, A=advallced stage).

(fig. 2). Immediately after the fish were landed
the gonads were removed and preserved in 10­
percent formalin. Data recorded were the date
and locality of capture, fork length (weight. was
not. always recorded), and t.he type of fishing gear.

In addition t.o t.he albacore t.aken on POFI vessels,
we examined ovaries from a cat.ch of albacore
landed in Honolulu by a Japanese 10ngline vessel,
t.he Toyo JvJaru, in January 1955. This vessel
reportedly obt.ained her cat.ch nort.hwest. ~f the
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FIGURE 2.-Sizes of albacore sampled in the North Pacific.

Hawaiian Islands in the general area shown in
figure 1.

HAWAIIAN ISLANDS

Ovaries from 56 fish ranging in length from 93.1
to 112.4 em. (weight, 33 to 62 lbs.) were obtained
in 1955 and 1956 from landings of the Hawaiian
longline fishery (table 1, fig. 1). These fish were
captured wit,hin 20 miles of the main Hawaiian
Islands, mostly during the months of June to
September. A detailed description of this fishery
is given by June (1950) and Otsu (1954). These
albacore and those taken by the Toyii A1.a.l"u. were
sampled at the auct,ion markets of the United
Fishing Agency, Ltd., and the Hawaii Fishing Co.,
Ltd., both in Honolulu. The .ovaries were pre­
served in lO-percent formalin. Data obtained for
each fish were the date of landing, locality of
capture, fork length, and weight.

CENTRAL EQUATORIAL PACIFIC

The bulk of the samples from the central
equatorial Pacific was obtained from three areas:
(1) between the Equator and 70 S. latitude along
170 0 W. longitude; '(2) between the Equator and
12 0 S. along 150 0 W. longitude; and (3) from the
general region of the Marquesas Islands, 132 0 W.
to 140 0 W. longitude (table 1, fig. 1). A total of
66 female albacore, all captured on longline on
POFI cruises, was sampled between February
1952 and February 1957; these fish ranged in
length from 84.6 to 104.8 em. (weight, 29 to 54
lbs.). In general, sampling in this area 'Yas
sporadic both in space and in time. The metliod
of sampling the ovaries was similar to that

described for the collection of gonads in the North
Pacific.

DESCRIPTION OF THE GONADS

TESTES

The testes are paired, elongate organs sus­
pended by the mesorchium in the body cavity.
They are thin and ribbonlike in immature fish
but with advance in maturity, they develop into
somewhat flatt,ened, whitish-yellow organs which
are relatively solid. Their products are collected
by a series of small ducts, vasa efferentia, leading
posteriorly to a larger duct, the vas deferens,
which opens to the exterior through the urogenital
orifice.

June (1953) examined both the t,estes and
ovaries in his study of the spawning of yellowfin
tuna in Hawaiian waters but found that for this
study "the testes were not suitable because no
quantitative measure of their sexual products
could be found that would provide reasonably
accurate estimates of their relative stages of
development." We found this to be true for the
albacore also, and the testes were therefore merely
designated in this report as immature or mature
on the basis of their size and the presence or
absence of milt.

OVARIES

The ovaries, like the testes, are paired, elongate
organs suspended from the dorsal wall of the body
cavity by the mesovarium. In immature fish, the
ovaries are ribbonlike (fig. 3), may measure as
little as 2 or 3 millimeters in diameter, and closely
resemble the immature testes in appearance.



290 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

FIGURE 3.-Albacore ovaries ill various developmental stages (only part of each ovary is shown>. Left to right: a. ribbon­
like ovary taken from a sexually immature, 75.8-em. fish (ovary weight 9 grams) ; an early developing ovary from a
99.2-em. fish (ovary weight 74 gms.); tt late developing ovary from a 98. 5-em. fish (ovary weight 275 gms.); and an
advanced ovary from a 107.6-cl1I. fish (ovary weight 916 gills.>. Photograph by H. Yoshida.

They become progressively enlarged inlengt.h and
girth as the fish attain sexual mat.urit,y, and with
the final ripening of the eggs, t.hey may at.tain a
diamet.er of more than 40 mm. In t,he more ad­
vanced st.ages, t.he ova,'ies are nearly circular in
cross section and the right ovary is usually slightly
larger than the left. They have a ribbed internal
cavit.y t.hroughout their lengt.h and unite poster­
iorly with a t.hick-walled oviduct which opens ex­
teriorly through t.he urogenit,al orifice.

SUBSAMPLING THE OVARY

An object.ive met,hod for det.m·mining the degree
of mat.urity of an ovary is t.o measure t.he diameters
of the const.ituent. eggs. In order to reduce t,he
amount of work involved in measuring t.he t.re­
mendous number of eggs wit.llin an ovary, it was
necessary in our st.udy to resort t.o subsampling.
To subsample. an ovary with confidence, however,

requires that the distribution of eggs of various
sizes t.hroughout an ovary as well as differences
between the two ovaries of a pair be determined.

The procedure followed in this study was in
general similar to that described by Yuen (1955)
who investigat.ed the mat.urity and fecundity of
the bigeye tuna in the Pacific. Eggs from a
sample were measured in a Sedgewick-Rafter
counting chamber ruled wit,h parallel guide" lines.
The parallel lines prevented duplicat.e measure­
ments of the same egg. Measurement.s were
made t.o t.he .IIearest micrometer unit (0.0167 mm.)
using an ocular micrometer. Because the forma­
lin-pl'l'served eggs of t,he albacore are not. perfect,ly
spherical, we adopt.ed t.he met.hod of Clark (19:34),
June (195:3), Ylien (1955), and ot.hers of measuring
t.he random diumet,er parallel to the ruled lines in
t,he count.ing chamber in whatevel' axis the egg
lies.
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DISTRIBUTION OF MATURE EGGS WITHIN AN
OVARY

2

, I .Degrees Sum 01 Mean .
oC Cree- squares square.

dom

Sample No.

Source oC variation

II
limcters)

A, .-l, A, B, B.

~-I~-
c, c,

-------_ ... II 0 II 0 0 o 0 0 I
.--- ----~ _. 0 I II I 0 o 0 1 1
--. ------ -- 2 3 2 I 1 o 1 0
------_._-- 1 4 4 I 0 1 2 1 2
-- --- --. --- II 0 4 1 I o 2 3 4
--- -- - -. --- I 7 3 1 I I 2 8 9
-- -------- fi 16 5 2 fi 1 6 12 12

.-- - -- ----- II 13 10 5 2 I 7 13 10
-----._--- 14 16 15 6 10 7 9 17 13

.- - --_.- --- 14 16 15 9 9 4 12 11 14
~ - - -----.. - 23 18 23 12 14 6 22 28 22
-------_.- 13 22 13 15 14 7 23 14 19

----------- lfi 14 16 10 13 16 20 16 17
----- -- - -- 10 18 9 12 7 5 13 10 12
-------.- . 1 8 13 3 5 1 11 12 5
---- --- ... 2 11 8 1 6 3 6 6 6
------ -. -- 2 3 7 1 2 4 4 3 6
-- -- --- --- 1 3 fi 2 2 2 3 4 0
----- --. -- 1 3 I; I 2 0 2 4 3__________ 0 2 1 0 0 I 1 1 3

;':~=I ..:
1 2 0 0 0 1 0 2

179 161 84 94 60 147 164 163
= =
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e. weight
.J .053 .088 .080 .039 .047 .034 .088 .078 .070

Betweenseelions . .. 2 40.53 20.27
Positionswithinsections .. 6 165.85 '2764
Individuals within POsitions._ ... /__l.~_~'770.451~

']'otaL_. . .. 1,167 13,976.83 __ . ._
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• Indicate significant (1)<0.01)) l1Iean square value.

I The last Cour classes in the lrequency distributions were combined beeanse
01 the low numbers.

t,hen calculat,ed from t.able 2 and tested by
analysis of variance (table 4). The results showed
that there was no significant difference (P>O.05)
in the relative numbers per unit weight of ovary
between sections A, B, and C.

A comparison WitS made of the egg-diameter
frequencies of the right and left ovaries (albaeore
No. 74, Hawaii). A random sample was ~btained
from the central section of each ovarv and all
eggs larger than to-micrometer units (0:'167 mm.)
were measured (table 5). The compari~on re­
sulted in a chi-square of 19.77 (P=0.9, 30 d. II)
indicating a general similarity in the distributions
bet.ween the two ovaries.

The results of the various t.ests suggested that.
representative samples of an ovary could be
obtained anywhere along its length, provided a

Mean
(mm

Sampl
(gms

TABLE 2.--Frequency distributions of diameters of the most
advanced group of eggs from the various parts of an ovary
(albacore No. 4-2-Hawaii) .

TABLE 3.-Analysis of l.aria·nce of diameters of themosl
adl,a,:.ced eggs l!,om dijJerent parts of the ovary (albacore
No. "fiJ, HalVaH)

Diameter r I
mil

0.668_
•685_
.70L
.718_
.735_
.752_
.76L
.785_
.80L
.818_
.835_
.852__
.868.
.885.­
.90L
•918.­
.935••
.95L
.969-­
.985.­

1.00(1-.

(el

SUBSAMPLES llIKEN
FROM EACH PIE - SECTION

lbl

PIE-SECTION OBTAINED
FROM EACH OF 3 SECTIONS

(al

CROSS SECTIONS
TAKEN AS SHOWN

FIGURE 4.-Schematic representation of method used to
obtain test samples for determining most efficient sam-
pling procedure. .

labeled A, B, and C, respectively. A triangular
section was then obtained from each of t,he thme
cross sections (fig. 4b). Each triangular section
was further subdivided into three subsamples
representing, respectively, the center, mid-region,
and periphery of the ovary (fig. 4c). Thus, for
section A there were posit,ions AI, A~, and ....13 ; for
section B, positions B ll B2 , and B3 ; and for section
C, positions 011 O2 , and C3• These samples were
weighed to the nearest 0.001 gram. All of the
eggs in the most mature group were then measured.
The weights and measurement,s are given in table 2.

An analysis of variance (table 3) indicated a
significant difference (P<0.05) between positions
in the mean egg diameters but none between
secHon.s. The diameter meansJor sections A, B,
and C were 0.842 mm., 0.848 mm., and 0.842 mm.,
respectively. The results showed that for sec­
tions A and B, the mean egg diameter WI1S largest
at the periphery of the oVl1ry. The situation was
reversed for sect.ion C where the mean diameter
was least at the periphery and great,est neal' the
central lumen (table 2). It has not been deter­
mined whether the differences between positions
are real or an art,ifaet of preservation.

The number of eggs in the most advanced group
to be expect.ed from 0.1 gram of each sample was

Several tests were conducted to evaluate
sampling procedures. First, it was thought neces­
sary to determine whether advanced eggs were
evenly distributed within an ovary. For this
test, thin cross sections were tak~n from the
anterior, middle, and posterior parts of the right
member of one of the most advanced ovaries in the
collection (fig. 4a). The cross sections were

485320 0 - 59 - 2
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T ABT.E 4.-Analysi8 of. variance of number8 of m08t ad­
vanced egg8 from different part8 of the ovary (albul."ore No.
42, HawaiI)

random subsample was obt.ained from t.he eross
seetion. It was also shown t.hat either of the two
ovaries could be used. The procedure routinely
used was t.o measure a random subsample from
the mid-section of an ovary.

Source of variation
Degrees Sum of Mean
of free- squares square
dom

atively large nuclei, and are transparent. In
early development the eggs increase in size and
become semi-opaque from deposition of" yolk
granules. The maximum diameter of eggs in the
early developing stage is about 0.4 mm.

Late Developing

In this stage, the eggs are completely opaque
from the heavy accumulation of yolk granules.
They now range from 0.4 to ,about 0.8 mm. in
diameter.

Micrometer Wlits I Mm. Right Left
ovary ovary

TABLE 5.-Egg diameter frequencie8 of right and left ovaries
from the 8ame fillh (albacore No.74, Hawaii)

Distinct changes oecur in the eggs as they
approaeh ripeness. They lose their opacity and
beeome semitransparent; the nucleus cannot be
deteeted at this stage, and a conspicuous golden­
yellow oil globule appeal's. These advanced but
not fully ripe eggs range from about 0.7 to 1.0
mm. in diamet.er in the most advanced sample
available for study.

Advanced78.12
525.49

Freqnency

2 156.24
6 3,152.96

8 3,309.20 _

Diameter

Between sectlons __ . _
Positions within sections. _

---(----1'----TotaL _

DEVELOPMENTAL STAGES OF THE EGG

Eg~ were classified as early de'reloping, late
developing, and advanced. The descriptions are
based on formalin-preserved material.

Early Developing

This category includes the primitive eggs found
in all ovaries and eggs in the beginning stages of
development, The primitive eggs vary from
about 0.01 to 0.13 mm. in diamet,er, possess rel-

10____________________________________ 0.167 259 282
11____________________________________ .184 137 147
12____________________________________ .200 124 122
13 ._____________________________ .217 117 101
14____________________________________ .234 107 108
15____________________________________ .250 115 93
16____________________________________ .267 82 71
17____________________________________ .284 72 64
18____________________________________ .301 75 75
19____________________________________ .317 69 64
20____________________________________ .334 51 51
21.___________________________________ .351 48 44
22____________________________________ .367 54 43
23____________________________________ .384 56 55
24____________________________________ .401 45 5125____________________________________ .418 59 46
26 .______________________________ .434 40 32
27 .. .451 39 30
28 .________________________________ .468 47 32
29 ._____________________________ .484 29 32
30. ._____________________________ .501 32 33
31.___________________________________ .518 16 ' 19
32____________________________________ .534 15 21
33____________________________________ .551 26 32
34 .568 27 29
35_ .584 27 28
36____________________________________ .601 18 25
37____________________________________ .618 20 19
38 ... .635 19 13
39 ,______ .651 10 8
40____________________________________ .668 6 4
41.___________________________________ .685 2 1
42____________________________________ .iOl 3 1
43____________________________________ .718 1 0

Sum .. .. _

I 1 micrometer unit = .0167 mm.

1.847 ' 1, 776

CLASSIFICATION OF OVARIES

The ovaries were classified into three catego­
ries of relat,ive maturity, early developing, late
developing, and advanced, according to the stages
of development of the largest eggs. In this classi­
fication, the early developing eategory included
the thin ribbonlike ovaries from sexually imma­
t,ure fish and ovaries from the larger adult fish
which showed no signs of egg development beyond
the early stage. The other t.wo categories, on
t,he other hand, included only ovaries from adult
fish (fig. 3).

As an example of the classification, a frequency
distribution of egg diameters from a fish classed
as having late developing ovaries (fig. 5) is shown.
In addition to the mode of largest eggs centering
at 0.63 mm., other groups of eggs are evident.
There are large numbers of early developing eggs
less than 0.4 mm. in diameter, and there is evi­
dence of a seeond group of late developing eggs,
one with a mode at 0.43 mm. Both groups of
late developing eggs were opaque, eharacteristie
of this stage.

An advanced ovary (fig. 6) has a mode of semi­
t.ransparent. eggs centering at about 0.86 mm. In
addit,ion there is one or more groups of lat.e de­
veloping eggs between 0.4 and 0.6 mm., possibly a
less developed group at about, 0.33 mm., as well as
the usual large numbers of early developing <,ggs.
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EGG DIAMETERIMM.1

FIGURE 5.-Frequency curve of 550 egg diameters meas­
ured from a late developing ovary of a 55-pound albacore
taken in Hawaiian waters on June 15, 1955. The curve
was derived by smoothing the data twice by a movin~

average of three.

FIGURE 6.-Frequency curve of 550 egg diame~ers meas­
ured from an advanced ovary of tL 47-pound albacore
taken in Hawaiian waters on June 8, 1955. The curve
was derived by smoothing the data twice by a moving
average of three.

RESULTS OF GONAD EXAMINATION

NORTH PACIFIC

Since the gonads of albacore in the North Pacific
are generally thin and ribbonlike (early develop- .
ing) , the sexes are often difficult to distinguish by
gross examination in the field. For this reason,
gonads of both sexes were collected and the sex
was determined in the laboratory by microscopical
examination. Of the gonads of 126 fish examined,
62.were ovaries and 64 were testes.

The ovaries, the bulk of which weighed less than
50 grams, contained only early developing eggs;
the maximum egg diameter measured was 0.25
mm. The most enlarged pair of ovaries (131
grams) obtained from the largest female fish
sampled (length 108.1 cm., weight 58 Ibs.) con­
tained eggs which measured less than 0.13 mm. in
diameter. The testes were also immature.

.Although large fish (longer than 90 em.) were
not well represented in the sample, field observa­
tions of the gonad condition of longline-caught fish
gave supplementary evidence that North Pacific
fish were either sexually immature juveniles, or

a:dult fish with early developing gonads. Table 6
lists the observations, based strictly on gross in­
spection, recorded by various members of the POFI
staff. Presumably, the gonads of these large fish
were sufficiently enlarged so that sex cOl!ld be de­
terniined with some assurance. While the obser­
vations recorded as "spent," "spawned-out," and
"recovering" might be questioned, there is little
doubt that the "immature" fish, corresp~)Uding to
our early developing category, were Cbrrectly
designated. The observation dated Ja~uary 28,
1955 (t,able 6), for a male albacore of 93,3 em., is
not necessarily indicative of advanced ~.aturity.

Male albacore taken in tropical and subtropical
waters almost invariably contain some milt in the
testes regardless of the size of the gonad~. Brock
(1943) found that milt could be squeezed from the

. testes of albacore captured off the coast of Oregon,
but the females from this region were judged to be
immature.

Our observations iJidicate that albacore in the
central and eastern Nort,h Pacific are either
sexually immature fish, or are adults which du
ilOt show signs of near-spawning. Partl.o (1955)
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TABLE B.-Field observationll on sex and maturity of large
albacore (over 90 em.) taken on longl-ine during POFI
cruises to the North Pacific 1

Position of capture Fork
Datc of length, Scx D~scription 01
capture cm. gonad condition

Latitudc Longit.ude
"

-------
Jan. 22. 195L_ 26°28' N. 159°39' W. 107.5 M Immature.
Jan. 27________ 33°58' N. 159"44: W. 118.3 M Do.

Do ________ 33°58' N. 159"44' W. 112.7 M Do.
Do ___ ~ ____ 330M' N. 159°44' W. 111.6 M Do.Do________ 33°58' N. 159°44' W. 110.7 M Do.Do________ 33°58' N. 159°44' W. J09.7 M Do.Do ________ 33°58' N. 159°44' W. 107.4 M Do.Do________ 33°58' N. 159°H' W. 107.4 !VI Do.Do________ 33°58' N. 159°H'W. 106.1 M Rccov~rin".
Do________ 3:1°58' N. 159"H' W. 106.1 M Immatur~.
Do_. ____ ._ 330 M' N. 159°44' W. 105.7 F Spawned-ontoDo________

33°5~' N. 159°44' W. 104. 5 F Spent.Do ________ 33°58' N. J59"44' W. 102.5 M Immatur~.Do ________ 33°58' N. 159"44' W. 99.4 !VI Do.
Jan. 28.... ____ 35°27' N. 15G°3!l'W. 109.1 M Do.
Oct. 24 ______ ._ 38°40' N. 175°27' W. 107.6 F Spent.
D~c. 9_________ 34°23' N. J59°48' W. 113.6 !VI Immature.Do________ 34°23' N. 159"48' W. 110.7 !VI Do.
D~c. 12________ 36°14' N. 159"55' W. 115.9 !VI Do.Do________ 36°14' N. 159"55' W. 96.8 F Do.
D~c. J4..______ 35°35' N. loR021' W. 116. I M Do.Do________ 35°35' N. 158°21' W. 114.8 M Do.

Do___ , ____ 35°35' N. 158°21' W. 110.4 111 Do.
Jan. 17. 1955___ 33°50' N. 179°44' W. 104.,5 M Do.
Jan. 18___ ~: ___ 35°48' N. 179°49' W. 1If!.8 M Do.

Do___ : ____ 35°48' N .. 179°49' W. 113.0 !VI Do.
Jan. 20________ 31°25' N. 178°08' W. 110.0 M Do.
Jan. 28________ 30"42' N. 175°01' W. 93.3 !VI Som~ milt in

testes.'Do________ 30"42' N. 175"01' W. 90.6 M No milt in testes.

I Includes only those observations In which both sex and gonad condition
were recorded.

, The llreseilcc 01 milt in th~ testes does not n~ccssarily indicate advanced
m'lturity. as Inllie albacon' tak~n in tropical and suhtl'opical wllters almost
Invariably contain somc milt in testes rellardlcss 01 the l!cllree of sexual
maturity.

who examined histologically a series of male and
female 'gonads, concluded that the British Col­
umbia fishery is dependent on immature fish.

Brock (1943) recorded a range in egg diameters of
0.01 to 0.1 mm. in Oregon albacore. He reported
that "fish with ripening ova are not' present in
the Oregon fishery and have never been recorded
from the California fishery." Kishinouye (1923)
found no fish with maturing reproductive elements
in Japanese waters. According to Suda (1954),
albacore captured west of Midway Islands, north
of the Subtropical Convergence, are all extremely
immature, with gonad weights below 50 grams for
both males and females. Thus, the albacore
resource which furnishes the basis for the spring
live-bait fishery in Japanese coastal waters and
the Japanese winter longline fishery in midocean,
as well as the American west coast fishery in the
summer, is composed either of sexually immature
fish. or of adult fish which show no signs of gonad
development beyond the early developing stage.
The implications are, therefore, that albacore do
not spawn in the temperate waters of the North
Pacific.

HAWAIIAN ISLANDS

Because ·of the great predominance of males in

the landings of albacore in the Hawaiian Islands
(fig. 7), coupled with the small numbers taken,
we had hoped initially to utilize both male and
female gonads in this study. We found, however,
that the presence or absence of milt is not a

25

20 -

:J: 15
~
LL

LL
o 10
a:
UJ
m
:::;;
~ 5

1955

FIGURE 7.-Size and 'sex distribution of albacore sampled from landings in the Hawaiian Islands, (a) HI55 (b) 195(\.
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definit.ive measure of mat.urit.y, since regardless of
t.heir size, the t.estes of albacore in Hawaii invari­
ably contain some milt.. It was decided, t.here­
fore, t.hat only the ovaries would be used for t.he
study of sexual maturity of the Hawaiian and
central equat.orial Pacific albacore.

Examinat.ion of t.he ovaries from 56 fish revealed
varying degrees of mat.urity from early developing
to advanced. Eleven fish ranging in weight from
36 to 59 pounds possessed early developing
ovaries; 42 fish, ranging from 33 t.o 62 pounds, had
lat.e developing ovaries; and 3 fish, of 41,47, and
60 pounds, contained advaneed ovaries. The
frequency dist.ribut.ions of egg diameters for the
42 lat.e developing and 3 advanced ova.ries, and
for 4 of the early developing ovaries are presented
in table 7. No measurement.s were made on the
remainder of t.he early developing ovaries with the
exception of not,ing their m!1ximum egg diameters;
none exceeded 0.23 mm. The data (t.able 7) are
arranged progressively from the early developing
to the most advaneed ovaries as determined by
the position of the last mode. The modal (liam­
eters indicated here were selected by eye nft.er the
data had been smoothed t.wice by a moving
average of three. Most of the ovaries showed
a distinct. second mode which is also indicated.

The modal diameters of the most. advanced

eggs in eaeh of the 56 ovaries of Hawaiian fish
are shown in figure 8 by dat.e of landing. The
modal diameters of t.he 11 early developing ova­
ries are plotted arbitrarily at 0.167 mm. (10
mierometer units) although the true mode was
eonsiderably below this value; only eggs larger
t,han 10 mierometer units were measured.

Of t.he 36 ovaries sampled in May, June, and
July, 3 were advaneed and 33 were in the late
developing stage; none was in the early develop­
ing stage. In August and September, however,
of 14 examined, only 7 were in t,he lat.e develop­
ing stage; the remainder were· early developing.
In Oetober a.nd November, of 6 examined, only
2 were in the late developing stage and 4 were
early developing. The a.bove may be an indica­
t,ion that some spawning took plaee during the
summer months. Although the 3 advaneed ova­
ries were not fully ripe, the appearanee of the
eggs suggested that. spawning was not far distant.
Clark (1929) examined 21 albacore from Hawaiian
wat.ers during the summer of 1929 and reported
that all of these fish were "practieally mature
and ready t.o spawn." On the ot.her hand, it is
possible that albaeore have a protracted spawning
season, and t.hat the apparent summer spawning
season in Hawaii merely refleets seasonality in
their oecurrence in these waters (table 1).
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FIGURE S.-Modal diameter of the most advanced group of eggs shown by date of landing for each of the 56 albacore
from Hawaiian waters.
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TABLE 7.-Frequencies of cgg diameters, 1:n micrometer 'units (upper figure)
[Asterisks mark modal diamett'rs)

Ovary number 10 11 12 13 14 15 16 17 18 19 :II 21 22 23 24 25 26 27 28 29 30 31 32.167 .184 .200 .217 .234 .250 .267 .284 .301 .317 .334 .351 .367 .384 .401 .418 .434 .4.~1 .468 .484 .501 .518 .534-- - - - - ----- - - - - -- - - - --------- -200_________________________
175 119 119 65 38 23 5 4 2 ----- -.~-- ----. ----- ----- ----- ---- - ----~ --.-- --.-- ----- ---- - ---- - -----184____________________ . ____
142 100 88 U5 76 46 21 9 3 ---- - --.-- --- -- ----- --.-- ----- --- .. - ---- ----- --.-- ----- ---- - --- --318__________ . ____________ ._

57 37 2fI 27 14 15 8 7 8 1 -.. -- --- -. ---- - ----- - -.-- --.-- --- -- --.- - --- --
290_____________ .• __________

60 36 29 15 15 14 8 5 4 8 3 ---i-
1 1 ---- - ----- --.--276____________________ . ____

125 79 65 52 52 35 24 16 10 10 12 2 2 9 12 -;i:i- 5 6 ---7- --- i;-
3 2 2

353_________ . _______________
32 15 15 9 4 10 12 7 8 7 3 3 5 5 8 10 '16 11 9 3 4 4 --- --179_____ . _. ____ . __ . _________

114 61 46 38 39 31 22 :II 19 17 6 6 12 8 12 11 '12 16 10 8 6 5 5264_______ . _____ . ______ . ____
105 66 38 :Ill 40 39 24 24 18 29 12 10 13 13 6 8 10 '16 9 7 8 7 5300________ . ___ . _______ . ____
92 53 59 37 32 23 17 12 16 9 8 9 11 16 18 16 19 19 ·24 19 18 13 4

32___ : _______________ . ______
64 31 25 35 25 30 18 21 16 14 12 11 5 19 11 15 16 21 21 '24 17 23 17181,_________________ . ______
75 48 43 50 45 32 23 24 20 22 9 8 \] 12 '22 18 14 7 13 '16 14 11 6314________ . ________________
62 38 28 23 23 15 10 18 '22 14 12 13 12 25 14 16 15 23 34 '24 29 29 20

156_______________ . _________
75 59 37 43 48 30 19 20 21 17 6 12 6 8 8 11 15 20 15 12 '24 12 15

41._____ . ___________________
58 36 31 22 12 14 24 '23 11 16 15 14 14 10 8 10 23 26 24 28 24 '38 29

305_________________________
85 48 37 33 33 22 11 13 18 12 8 20 '12 18 9 10 3 5 18 14 16 '24 22209_______ . ______ . _____ . ____
43 24 18 15 15 11 19 19 8 12 14 15 9 S' 6 17 18 30 31 30 34 '50 38

256_________________________
66 35 31 31 27 20 :J) 12 17 21 16 10 14 13 *13 20 9 13 15 14 16 30 '31

257_________________________
57 31 33 38 39 22 18 20 32 16 15 9 10 16 11 8 7 7 11 12 7 11 19

88___________ .. _____________
46 41 30 25 18 18 17 13 \] 14 16 19 '13 24 10 17 11 9 12 9 7 12 30116. ______ . _________________
74 59 42 36 28 38 17 15 16 13 15 10 4 15 13 11 10 4 8 9 6 16 19159_. _______________________
71 45 35 30 31 36 11 25 22 24 18 13 17 20 11 10 5 8 14 7 9 9 18

251.________________________
72 42 27 28 27 24 19 18 23 23 14 13 13 '20 19 15 9 12 12 7 8 8 7246______ . _. ________________
62 38 25 24 21 26 12 16 24 22 11 7 10 20 '23 20 10 13 16 11 8 11 11

259_________________ . _______
62 30 26 21 12 20 19 19 30 17 10 11 14 14 14 '23 13 9 16 11 13 17 15153__________________ . ______

215 151 167 154 161 137 98 88 R8 93 82 50 60 69 78 '87 56 67 38 41 2fi 34 5474________________________ ._
259 137 124 117 107 \]5 82 72 75 69 51 48 54 '56 45 59 40 :Ill 47 29 32 16 151115___________________ . _____
77 44 37 30 27 33 22 15 16 15 10 7 \] 13 10 14 8 16 8 11 16 10 13138______________ . _______ "_
35 24 22 23 25 26 18 22 23 19 12 19 16 22 '17 24 9 11 6 4 14 11 15275_______ . ________________ .
87 43 39 30 36 29 14 17 16 15 13 9 13 12 ·22 15 17 13 10 1 10 4 4130___________ . _______ . _____
86 54 40 35 30 21 21 17 16 10 12 JJ \] 8 '13 14 8 10 7 8 7 5 1079_____ .• __ . ____________ .. __
76 55 42 36 36 29 22 12 17 21 12 9 9 14 '14 12 8 8 8 7 9 8 1375_____ . ____________________
87 57 46 37 29 2n 21 18 22 13 8 9 13 '14 9 JJ 9 8 7 5 2 8 1080___ . ________ . ____ . ________

105 51 34 38 39 40 27 29 27 17 13 13 15 14 '22 15 15 8 8 8 10 4 7122________________________ .
53 33 22 21 33 19 15 111 19 18 15 10 14 19 '21 22 11 16 10 7 7 4 9174______________ . _____ . ____
6l 37 23 2tl 22 40 20 17 19 23 17 13 19 9 15 '22 9 21 JJ 10 10 4 515_____________ . ____________
81 30 32 27 18 36 15 15 30 13 21 10 12 16 13 '22 13 9 17 6 6 1 8277 __• _'. ___________________

102 54 40 40 34 29 15 17 15 15 12 13 6 12 10 '14 6 9 15 7 10 7 6274_________ , _______________
82 44 36 2Y 23 23 18 17 16 14 -12 6 '6 \I 8 14 '7 8 13 8 9 7 6110______ . ________ . ______ . __
61 30 36 18 27 40 14 23 13 17 21 16 14 11 15 ·21 14 8 16 9 9 4 591. _________________________
49 28 32 25 22 31 20 22 23 18 16 14 15 18 20 '15 6 17 14 13 15 5 1082________ . _________ . _______
87 37 34 35 27 29 21 18 23 18 18 14 16 12 10 '17 14 13 \] 7 7 3 3123. __________ . _____________
67 35 31 31 24 21 19 14 18 17 12 9 12 18 9 19 '13 14 22 7 3 1 384______ . _______________ . ___
72 40 33 25 22 24 17 15 25 13 12 9 13 17 :II '20 16 13 20 11 9 JJ 490________ . ________________ .
44 32 25 32 27 27 25 14 19 JJ 17 8 10 21 '16 21 8 16 19 12 12 4 4269__________ . ____________ ..
32 22 24 25 \] 17 21 21 12 JJ ]1\ 7 12 19 15 '33 24 15 13 13 1 6 518. ________________ . _____ .'_.
61 41 28 29 31 27 11 24 20 11 12 9 5 13 15 '16 12 16 13 4 10 0 1145________________ . ________

189 94 83 85 74 93 52 61 66 46. 44 36 38 47 40 49 42 '53 47 24 13 4 6165____ • _______ . _____ .. _____
86 63 54 41 44 37 31 28 29 26 15 4 12 13 13 '15 10 12 12 8 6 6 342___________________ . ______

104 58 28 29 16 23 10 8 18 15 17 12 10 9 10 9 8 10 12 4 7 4 '9

I No measurements were made on 7 of t.he JJ early developing ovarle~ with the cXCI'ption or noting the mnxlmum cg~ dinm~oorR: none exceeded 0.23 mm.

CENTRAL EQUATORIAL PACIFIC

While the vast region of the tropical Pacific is
here treated as a single unit beeause of the small
anlount of data available, it is realized that a
more detailed study of smaller units of area would
be desirable.

The albacore caught in the equatorial Pacif­
ic (fig. 9) were intermediate in size between
those from the North Pacific and those from
Hawaii. If only the female fish tl,re consid­
ered, however, their sizes were not much smaller
than the female fish sampled from Hawaiian
waters. One notable difference was in the sex
ratio, which in this region was nearly 1: 1, while
in Hawaiian waters the males predominated (fig. 7).

Ovaries from 66 fish were examined. Of this
total, 54 were in the early developing and 12

were in the late developing stage (table 8). In
figure 10 the maximum egg diameter of each of
the 66 ovaries is shown by date of captUl'e of the
fish. Maximum egg diameter was used, because
no other measurements were made on most, of
the early developing ovaries. Most of the sam­
ples were collected during February and Novem­
ber 1952, in February and May 1953, September
1956, and January and February 1957. Some
late developing ovaries were found during all of
these periods with the exception of February 1952.
The areas from which late developing ovaries
were obtained are also indicated in figure 1. They
appear to be randomly scattered. It is evident
that no conelusioilS can be drawn from the amount
of data ll.vailable regarding t,he spawning time
and locality.
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and tnlll. (lower figure), for ovaries from the Hawaiian Islands 1

[Asterisks mark modal diameters]

--------------------------------------------------------
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16 7 6 6 3 1 1 ----. ----- ----- ----- ----- ----. ----_ ._-__ 550
16 7 10 11 1\ 4 2 • ----0 --.-. ----. • 0 ---- • 5IiO
25 18 8 5 2 1 -.--. ----- ----- ----. ----- • 5IiO
23 20 10 8 3 2 1 1 2 ----- ----- • • • • 5IiO
67 53 21 9 4 U 1 ----- ----- ----- ----- • • • • 2.391
27 18 20 19 10 6 2 3 1 ----_ ----- • • • • • • • • 1.847
16 12 10 10 4 4 1 -- __ • • • • . . 0 • • • • 650
33 17 12 8 5 2 0 1 ----- ----. ----- .---. ----_ ---- • 5IiO

'19 12 14 6 5 4 2 ----_ .--- ---- • • . • • 5IiO
'21 13 Ii 9 7 3 1 1 ----- -.---- • ~ 550
'10 15 11 4 4 4 1 1 ----- ----- • • • 550
'21 12 9 4 3 2 1 -- • 0 550
*14 10 6 9 7 2 2 1 ----- ----_ ----. • • . • 634
*25 21 21 17 8 4 3 --- . • • 550
'24 14 15 8 6 6 3 ---- • • • 650
'24 16 14 r, 4 2 3 1 ----- ----- ----. • • • 550
10 '7 8 8 5 6 3 1 3 0 0 1 • • • 0 • 5IiO
1.; 21 '25 21 13 8 1\ 4 2 • • • 0 • • • 5IiO
11 10 '25 7 11 11 7 7 6 0 2 • • • • • • 5IiO
9 8 '19 11 8 13 5 6 1 n 0 0 1 • • • • 5IiO
9 6 '15 14 13 3 1 3 1 1 ----. • • • 550

15 17 17 '2r, 14 14 6 4 2 __ . __ ---- • 0__ 550
1 9 7 '12 I; 8 M 9 10 4 1 3 1 1 2 • • • • 550

11 12 14 '22 9 21 11 7 3 1 1 0 1 • • 550

1~ ~ :~ i~ '~1 ,~~ g ~? 1~ ~ 1~ fl ---3- ---j- ---j- ----- ----. ----0 ----- ::::= =:::= ::=:= ::::= =:::= ::::= ~::
7 3 11 11 13 15 11 16 23 24 '30 24 28 22 11 --iii"'-:j- ---5- ---2- 3 1 1 0 1 01.568
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TABLE 8.-Freqllencies of egg diameters, in micrometer ·u.nits (upper figure) and 1/11/1. (lower figure), Jor ovaries from the central equ.atorial Pacific Oeea'n I

[Astfrisks m,u'k modal diameters]

I Eg~s from only one early developing ovary (albacore No. C-16) were measured.

---
Ovnry lIumllfr 10 11 12 13 14 15 Iii 17 18 19 20 21 22 23 24 25 I 26 'rl 2ll 29 30 31 32 a3 34 35 36 37 38 39 40 41 42 SUIll

..167 .184 .200 .217 .234 .2.';0 .267 .284 .301 .317 .334 .351 .367 .384 .4UI 0418 .434 .451 0468 .484 .501 .518 .534 .551 .568 .584 .601 .618 .635 .1\51 .~r,g .1\85 .701

---------------------------------------------------------------------------
C-16___________ 126 82 72 53 36 37 27 31 28 17 13 13 10 2 2 1

~ ---- ----- .---- .---- ----- ---- - ----- -- - -- ---- - ---- - -_. -- ----- ----- --- -- ---- - -- --- .---- 550
C-49___________ 39 23 16 20 18 7 18 13 5 5 °11 4 3 5 3 2 3 1 0 3 1 --- -- ----- ----- -- --- --.-- ----- --- -- ----. ---- - ----- ----. --_.- 21M
C-48___ •_______ 26 13 11 9 8 17 13 13 3 3 15 °10 10 7 8 8 10 4 5 4 3 ----- -_. -- - - --- .---- --_ .. ----- ----- ----- --- -- ----- ----. -----C-3____________ 57 42 35 22 28 a3 30 14 18 16 14 18 19 20 22 °28 27 18 15 14 12 12 9 10 5 6 1 3 2 ----. ----- ----- ----- 550
C-42___________ 94 48 41 33 'rl 30 22 21 17 20 20 23 24 19 18 °24 27 12 15 5 4 3 0 0 2 II 1 ----- ----- ----- ----- ----- --- -- 550C-20___________ 67 39 38 22 23 19 16 °ao 24 20 17 16 20 22 12 32 '21 27 27 10 18 14 7 6 2 1 4 ____

--- .. -- --- ----. ----- -- --- 5
C-3L_________ 126 ;; 57 31 19 20 13 8 10 3 6 12 9 12 12 13 20 °22 22 12 10 13 12 6 0 2 3 ----- ----. -- --- ---- - ----- ----- 5
C-10" _________ 119 75 58 51 36 31 11 22 16 11 12 5 14 15 8 9 10 11 °16 7 2 3 2 2 1 -- --- - - --- ----- ----- - - --- -- --- - ---. ----- 5
C-61.. _________ U1 35 30 29 32 an 25 23 24 15 22 20 19 19 13 18 23 22 °23 26 20 10 M 2 1 ----- ----- ----- -- --- ----- -- --- ---- - --- -- 5
C-37___________ 72 44 44 . 31; 17 23 23 24 19 17 12 9 15 15 7 16 21 21 °20 20 IIi 8 9 9 12 8 3 3 3 3 0 0 1 55
C-1.___________ 58 28 25 19 15 14 14 15 14 20 20 16 16 17 22 15 20 22 16 18 26 °23 22 24 18 15 9 5 :i 0 1 ----- -_.- 5
C-I3.. _________ 117 86 81 49 34 21 21 20 14 12 8 8 4 2 0 3 7 5 9 6 9 °13 3 4 .~ 5 1 1 1 U 0 0 1 5
C-2____________ 96 56 3fl 25 23 20 11 20 12 10 15 11 10 11 9 12 17 16 19 11 16 °19 15 13 11 9 8 6 7 2 1 2 1 5
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FIGURE n.-Relation between fish size and maximum egg
diameter. Ovaries wit.h egg remnants are indicated.
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EVIDENCE OF SPAWNING

The spawned-out or spent stage is recognized
by the presence of remnants of ripe eggs (residual
eggs in the process of resorption) in t.he lumen of
the ovary (Schaefer- and Orange, 1956; Yuen and
June, 1957). A fresh, unpreserved spent. ovary is
generally hollow and flaccid. In preserved speci­
mens, however, it may resemble any of t.he other
stages of maturity, even the early developing
ovary, depending upon how recently spawning
has occurred. Egg remnant.s were actually found
in ovaries in all stages of maturity from early
developing through ad:vanced.

In this study we classified the ovaries into
developmental stages without regard t.o the pres­
ence or absence of egg remnants. In figure 11
the maximum egg.diameter for each of t.he Hawai­
ian and central eqllatorial Pacific albacore is shown
by fish size, and t.he ovaries which cont.ained egg
remnants are indicated. No distinction was made
of the quantity of remnant.s in the ovaries, nor of
their stage of resorpt.ion. While the absence of
egg remants may not be accepted as proof that
the fish has never spawned, their presence con­
stitutes good evidence that. spawning has oc­
curred (June 1953; Yuen 1955; Schaefer and
Orange, 1956; Yuen and June, 1957). Of a total of
56 Hawaii samples, 47 cont.ained egg remnants,
indicating that these fish had spawned. Similarly
of 66 central equatorial Pacific ovaries examined,
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20 contain~d egg remnants. None were found in
the North Pac.ific ovaries, thus giving added
weight to th.e conclusion that spawning does not
occur in the North Pacific.

MINIMUM SIZE OF SPAWNING FISH

Ueya.nagi (1955) has inferred from his studies
that the albacore attains sexual maturity and may
spawn at about 90 centimeters in length. Our
observation~are in agreement with this.

The 12 central equatorial Pacific ovaries in the
late develo.ping stage were obtained from fish
ranging in length from 89.1 em. to 104.8 em.
(weight, 33 to 54 lbs.) ; the 45 late developing and
ac;l.vanced ovaries from the Hawaiian area were
taken from fish larger than 93.1 em. (33 lbs.).
Additional evidence regarding the minimum size at
spawning can be found in figure 11. Although
egg remnants were present in ovaries at all stages
of maturity, none were found in fish less than 90
em. in length. Therefore, our data suggest that the
albacore attains sexual maturity at a size of about
90 em. (33 lbs.), which coinc.ides with Ueyanagi's
findings.

FR~QUENCY OF SPAWNING

The freql;lency distributions of egg diameters
(figs. 5 and 6, tables 7 and 8) show clearly two or
more modes which, depending on the growth rate
of the egg, n)ay represent eggs that, will be spawned
in a single season or in succeeding seasons. As
the data do ~lOt permit det,ermination of the growth
rate of eggs, reference is again made to figure 11.
The fact tha,t the three advanced ovaries as well as
most of the late developing ovaries contained egg
remnants strongly indicates that the albacore
undergoes multiple spawning. The lack of rem­
nants in large, sexually inactive adults taken dur­
ing late winter in the North Pacific suggests' that
remnants ~re not carried over from one year t,o
the next, though in the absence of any knowledge
regarding the rate of resorption of the unspawned
eggs, no definite conclusions can be drawn. The
presence of egg remnants together .with a group of
eggs appro!t.ching ripeness suggest, however, that
albacore m~y spawn at least twice during a single
spawning se,ason.

FECUNDITY

Fecundity calculations were based on the
assumption that all of the eggs' comprising the
most advanced group within an ovary were
released in a single spawning. Eight Hawaiian
fish of varying sizes were selected for this study.
From each pair of ovaries, a random sample was
obtained; this was weighed to the nearest 0.001
gram. All of the eggs comprising the most
advanced group within the sample were then
counted.' The total number of such eggs in the
pair of ovaries was estimated by multiplying the
number in the sample by the ratio of ovary­
weight to sample-weight. The results are shown
in table 9. The data are arranged in the order of
increasing fish size from 36 to 62 pounds. In
addition, two calculations made by Ueyanagi
(1955) are ineluded.

TABLE 9.-Estimations of the number of eggs in the most
advanced group in the ovaries

Estimated
Body Ovary Number of number of

Albacore No. wt. wt. Sample mature mature
Clbs.) (gms.) wt. (gms.) eggs in eggs In

sample ovaries
(millions)

158______________ 36 183 0.1215 579 0.975. ______________ 39 271 .1862 882 1.3275______________ 41 319 .1435 418 .9
42______ . ________ 47 538 .2367 482 1.174_______________ 54 513 .0560 513 1.684. ______________ 57 552 .1983 582 1.6
145____ • _________ 50 916 .1197 238 1.8153______________ 62 194 .0811 411 1.0A ,______________ 50 36.~ .2 ~. - --------- 2.1
B ' _____ • ______ ._ 53 613 .2 -- -. -- ------ 1.8-1.9

I From Ueyanagi (1955).

There appears to be a slight tendency for
larger fish to have more eggs per spawning but it
is not as definite as that found for the yeUowfin
(June 1953) and bigeye tuna (Yuen 1955). The
estimated total numbers of eggs in the most
advanced group were remarkably uniform, rang­
ing between 0.9 and 1.8 million eggs per individual
female. Including Ueyanagi's estimates, the range
is from 0.9 to 2.1 million eggs.

OVARY SIZE AS INDEX OF MATURITY

While thc state of maturity of an ovary can be
determined reliably by means of egg diameter
measurements, ~ more simple and yet objective
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method for making rapid field determinations is
desirable. The size of the ovaries, if directly
related to maturity, should provide a reasonable
criterion. Our data show that all of the early
developing ovaries from the central equatorial
Pacific weighed less than 100 grams, and that
late developing ovaries ranged from 104 to 363
grams. The early developing ovaries from the
Hawaiian area, however, ranged in weight from
54 to 179 grams, the late developing ovaries from
123 to 805 grams, and the three advanced ovaries
weighed 181, 538, and 916 grams, respectively.
Thus, while the ovaries from the centraJ equatorial
Pacific fall conveniently intq two stages of
maturity according to their weights, there 18

considerable overlap in the Hawaiian samples.
It appears, therefore, that ovary size is actually a
poor criterion to follow in assessing the state of
maturity of an ovary.

Recently, the relative ovary weight (ovary
weight X 103/fish weight) has been found to be
a fairly reliable measure of maturity for Hawaiian
yellowfin (June J953) and central Pacific bigeye
tuna (Yuen 1955). This relation was therefore
tested for the albacore ovaries. rn figure 12 the rel­
ative ovary weight of each of the Hawaiian and

central.equatorial Pacific albacore is plotted against
the maximum egg diameter. Here· again, the
data do not permit the use of modal diameters,
for these were not determined for most of the
early developing ovaries. The data presented in
tables 7 and 8 indicate an acceptable correlation
between modal and maximum diameters which
justifies the use of the latt,er. The early develop­
ing ovaries, with only one exception, have rela­
tive ovary weights of less than 6, while all but
three of the late developing ovaries h.ave relative
ovary weights greater than 6. Thus, with a
reasonable amount of confidence, a relative ovary
weight of 6 may be considered as the value which
separates the early'developing from late developing
ovaries.

The late developing ovaries ranged in relative
ovary weight from 6 to 30 with a general ten­
dency for the ratio to increase with progressing
maturity. The three advanced ovaries, however,
failed to conform to any pattern and varied in
relative ovary weights from 10 to 34. Despite
the large variation exhibited by the three ovaries
in the advanced stage, the data in general point
to a definite relation between relative ovary weight
'and the state of gonad development.
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DISCUSSION

Our samples did not include any ovaries t,hat.
were fully ripe. Three ovaries were classified as
"advanced" on t.he basis of UIC appearance of
the eggs. Alt.hough t.hey were advanced in ma­
t.urit,y, and presumably close t.o spawning, it has
not. been possible to determine the time required
for t.hese ovaries to attain a fully ripe stage.
Because these advanced ovaries were collect.ed
during t.he summer months, and since a large
percent,age of ovaries collected in the fall were
in t.he early developing st.age (fig. 8), it was pos­
tulated t.hat. some spawning occurs during the
summer in t.he vicinit.y of the Hawaiian. Islands.

Fully ripe fish apparently are not. available to
the fishery. June (1953), working wit.h Hawaiian
yellowfin, concluded t.hat this species spawns in
Hawaiiltn waters. He found only one fully ripe
ovary among his samples, however, and stated
that "fish that are actually spawning either do
not take the hook or migrate into deeper water
outside the longlining grounds." Similarly, Schae­
fer and Orange (1956) stated that "apparently,
when the yellowfin tuna imminently approach
spawning, they become unavailable to the fish-.
ery." This behavior was noted earlier by Schaefer
(1948) for yellowfin tuna and skipjack off Central
America. Brock (1954) also found that fully ripe
skipjack are not commonly available to the
Hawaiian skipjack fishery. Thus, the possibility
that fully ripe tunas are. generally unavailable to
the fishery may be one reason for the smallnum­
ber of advanced ovaries and the complete absence
of ripe oVal'ies in our collections.

Most of the ovaries examined from the central
equatorial Pacific were in the early developing
stage, but a fe.w late developing ovaries were
present as well as those that contained relics of
past spawning. Absence of advanced st.ages may
mean t.hat. t.hese fish do not spawn in this region.
Unfort.unately, not much is known of t.he maturity
of the albacore taken in other regions of the
tropical Pacific. Some field observations on t.he
gonads of albacore landed by t.he Japanese tuna
mothership expeditions bet.ween April and Septem­
ber of 1951 are available for t.he western equatorial
Pacific between t,he Equator and 6 0 N. latit.ude
and betweel) ]44 0 E. and 174 0 E. longitude
(general vicinit.y of the Caroline and Marshall
Islands). Descript.ions of these expeditions are
given by Shimada (1951), Ego and Otsu (1952),

and Van Campen (1952). Of a total of 41
observations made by observers from POFI
during t.his period, 33 were recorded as immature,
6 as spent, and only 2 as mature. Judging from
t,hese records, it may be assumed that the maturity
of the western Pacific albacore during this period
more nearly resembled that of the central equa­
torial Pacific albacore than that of tho Hawaiian
fish.

Ishii and Inoue (1956) postulated that the Coral
Sea and adjacent New Caledonia area were
spawning areas for the albacore. Their study was
based on only two ovaries which, according to
their descriptions, corresponded to our early
developing and late developing stages. On the
basis of these dat.a, it is surmised that the maturity
of the fish in this area is much like that found
throughout t.he central and west.ern equatorial
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FIGURE 13.-Length composition of Indian Ocean albacore
(reproduced from Ueyanagi 1955, fig. 2).

Pacific. It is interesting to note that Ueyanagi
(1955) report,ed on t,wo well-advanced ovaries
obtained in February 1953 from the southern
waters of Sunda Islands (Indian Ocean); one of
the ovaries he referred to as "ripe" and the other
as "nearly ripe".2 He has hypothesized that the
albacore which occur in the Indian Ocean spawn
in February, at least, in part. He believes that
the area from south of the Sunda Chain to north­
west of Australia may be the spawning grounds of
the Indian Ocean albacore, since the fish taken
there are generally large. Ueyanagi's size-fre­
quency data of the Indian Ocean albacore (fig. 13)

, Ueyanagl very kindly sent us samples taken! lrom thesc two ovaries.
The sample he rt'lerred to ss "nearly ripc" corresponds in maturity to late
developing. ovaries, and the" ripc" to one 01 the advanced ovaries In the
present study.
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closely resemble that of t.he central equatorial
Pacific albacore (fig. 9).

The best indications of albacore spawning are
therefore availab~e from two widely separated
localities, t.he Hawaiian Islands in the central
Pacific and Sunda Islands in the IndiaI\ Ocean,
the former during t.he northern summer and the
latter during the southern summer.

It is not known whet.her the albacore appearing
in various parts of the Pacific Ocean belong to a
single intermingling population or whether there
are discrete populations in the various area.'l.
Suda (1956) is of t.he belief t.lutt the albacore occur­
ring in the Nort.h Pacific Current area are a
"feeding group" 8ml t.hat there is a corresponding
"spawning group" in the North Equatorial Current
area. Furthermore, he postulates that the alba­
core of the Indian Ocean as well as the tropical
South Pacific comprise the spawning group of
another feeding group locat.ed in South Pacific
temperate waters. If this is indeed the case, it
may be t.hat the Hawaiian Islands represent a
portion of the spawning grounds of the northern
population, and that the Sunda Islands, that of
the southern population.

Our data suggest that alhacore at,tain sexual
maturity at about. 90 centimeters in length
(weight, 33 lbs.). This signifies that, t.he fish
exploited during the spring and summer by the
Japanese and the Americans in the temperate
waters of the North Pacific are largely sexually
immature fish (Suda 1955, Brock 1943). The
Japanese winter longline fishery in the North
Pacific, on the other hand, exploits both juvenile
and adult. fish (Suda 1954). The gonads of these
adult. fish do not show any development., however.
This situation is in contrast to t.hat in the Ha­
waiian Islands where the· catch is wholly of adult
fish (fig. 7). Many of these have gonads showing
considerable development. In t.he central equa­
torial Pacific, t.he fish are also generally large and
most. a.re adults with gonad development inter­
mediat.e bet.ween Nort.h Pacific and Hawaiian
Islands fish. It appears possible t.hat the Ha­
waiian and central equatorial Pacific albacore are
a segment of the population which, after attaining
a certain size in temperat.e waters of t.he Nort.h
Pacific, moves sout.h into t.ropical and subt.ropical
waters to reproduce.

SUMMARY

1. This study is based on examinat.ion of gonads
of albacore t,aken from three general areas: the
North Pacific (north of 30 0 N. latit,ude, between
180 0 longitude and the west. coast. of the United
St.at.es), t.he Hawaiian Islands, and the central
equatorial Pacific (Equator to 12 0 S. latitude,
between 1800 and 150 0 W. longitude. wit.h scat­
tered samples collected from as far east as 120 0

W.). Although the three areas are treated sepa­
rately throughout this report, this does not. infer
that the fish belonged to separate stoeks, or pop­
ulat.ions.

2. Gonads of both sexes were used in the study
of t.he mat.urit.y of Nort.h Pacific albacore. Only
the ovaries were used for the other two areas and
the degree of mat.urity was det.ermineq. largely
from egg diameter measurement.s.

3. The several t.ests made to determine the
most efficient sampling procedure indicated that
mature eggs were randomly distributed throughout
t.he length of an ovary but there were some
differences in t.he t.ransverse distribut,ion. There
were no differences in the distribut.ion between the
two ovaries of a pair. The adopted met.hod of
sampling was to take a random sample from 'the
mid-section of an ovary.

4. The ovaries were classified in three st.ages of
relative maturity: early developing, late develop­
ing, and advanced. on the basis of the most
a,dvanced eggs present. The advanced ovaries
were not. in a fully ripe condition.

5. The Nort.h Pacific albacore were eit.her
juveniles or sexually dormant adults wit.h early
developing gonads.

6. The Hawaiian albacore evinced varying
degrees of maturity from early developing to
advanced, with the bulk of the ovaries in t.he late
developing st.age. Alt.hough the samples were
somewhat inadequut,e for a conclusive study, there
was indication that. spawning may occur during
the summer months in the vidnity of the Ha­
waiian Islands. The dat.a also indicat.ed t.he
possibility of 11 somewhat. protracted spawning
season.,

7. The ovaries from central equatorial Pacific
fish were in the early developing and lat.e develop­
ing stages, with t.he early developing stage
predominating.
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8. The presenee of egg remnants in the ovaries
indicated that most of the Hawaiian fish had
spawned previously. None of the ovaries from
the North Pacific contained egg remnants. Of 66
central equatorial Pacific ovaries, 20 contained
egg remnants. Remnants of eggs were present in
ovaries in all stages of maturity from early
developing t.hrough advanced.

9. The minimum size at which albacore attain
sexual mat.urity and participate in spawning
appears to be about 90 cm. (weight, 33 lbs.).

10. The size distribution of eggs within an
ovary, as well as the frequent occurrences of egg
remnants in advanced and late developing ovaries,
indicate that albacore may undergo at least two
spawnings during a spawning season.

11. Assuming that all of the eggs comprising
the most advaneed group within an ovary are
extruded in a single spawning, the number released
per spawning is about 1 to 2 million eggs per
individual f('male albacore.

12. Ovary size is not a reliable criterion to
follow in assessing the degree of maturit,y of an'
ovary. Relatiye ovary weight, (ovary w('ight X
10 a/virgule fish weight) js shown to be th(' more
reliable ind~x, particularly for segregating early
developing from lat,e developing ovaries.

13. This study shows that albaeore caught by
POFI vessels north of Hawaii, as well as those
taken by the Japanese spring live-bait and winter
longline fisheries, and those supporting the
Ameriean west eoast summer fishery are non­
spawning fish that are either juveniles or adult
fish whose gonads give no signs of incipient or
past spawning. Albacore apparently do not
spawn in the temperate waters of the North
Pacific.

14. It appears possible that the albacore in
region of t.he Hawaiian Islands and in the central
equatorial Pacific represent a segment of the
population which, after attaining a certain size in
temperate waters of the North Pacific, moves
south into tropical and subtropical waters to
reproduce.
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